In this study, a retrospective analysis was conducted to assess the current aspects and predisposing factors of canine sterile panniculitis. Miniature dachshund, neutered, and younger dogs appeared to be predisposed. In addition, histories of previous surgery and injection were associated in 46.5% of the cases, with several types of surgical suture materials used. About 88% of the dogs had multifocal lesions, frequently with signs of systemic illnesses. Whereas systemic immunosuppressive therapy was effective in most dogs, surgical excision of lesions was rarely curative. In order to prevent recurrences, over 65% of the cases required prolonged immunosuppressive therapy. Polymorphism of canine α 1 AT gene was investigated as a candidate gene for sterile panniculitis. Eight polymorphisms were discovered in seven Miniature dachshunds by direct nucleotide sequencing, which included a 12-bp deletion, three non-synonymous single nucleotide polymorphisms, and four silent substitutions. Genotyping of the two polymorphisms, c.109_120del12 and c.483A>C, which identified at high incidence in the dachshunds, was conducted in 83 dogs of 6 popular breeds. The frequencies of neither polymorphism differed between Miniature dachshunds and other breeds, suggesting that neither is responsible for developing panniculitis. KEY WORDS: miniature dachshund, panniculitis, polymorphism, surgery.
Panniculitis is a group of diseases characterized by the localization of the major focus of inflammation to the subcutaneous fat (panniculus adiposus). The lesions may be localized to specific areas or generalized, and marked by deep cutaneous nodules that often ulcerate or fistulate, draining pustular, exudative, or oily substances. Systemic signs such as pyrexia, anorexia, lethargy, and depression are often associated with generalized panniculitis and commonly manifest in waves, heralding the eruption of new lesions [11, 28] . Multiple factors have been implicated in the etiology of panniculitis in dogs, including bacterial and fungal infections, nutritional deficiency, vasculopathy, pancreatic disorders, and a variety of immunological (e.g., lupus erythematosus, drug eruption, etc.) and physicochemical (e.g., post-injection inflammation or trauma) factors [28] . In most cases, however, identifying the underlying causes of sterile panniculitis can be challenging, since it may be attributed to one of several causes, each of which may present with similar clinical and histopathological symptoms [34] .
Although it is considered rare in most veterinary studies [1, 2, 28, 30] , sterile panniculitis, as Scott and Anderson suggested [27] , may be more common than generally described. To the author's knowledge, no study on canine sterile panniculitis has been conducted on a considerable scale since Scott and Anderson [27] , with possible pathogenesis and additional treatment is anecdotally discussed everywhere.
The fact that dachshunds and poodles are predisposed to sterile panniculitis may suggest a genetic background for developing this disease [2, 3, 11, 19, 24] . Serum alpha1antitrypsin (α 1 AT) deficiency is one of the many underlying causes identified in humans [22] . α 1 AT is a glycoprotein synthesized mainly by the liver, and its major physiologic role is to inhibit neutrophil elastase and cathepsin G; thus protecting connective tissues from enzymatic degradation [35] . Reduced α 1 AT activity and altered immunomodulation supposedly increase tissue destruction and potentiate the development of sterile panniculitis [7] . Hereditary α 1 AT deficiency is typically associated with pulmonary and hepatic diseases, but a small number of affected people develop sterile panniculitis [5, 23] . Smith et al. reported that 15 out of 96 (16%) people with sterile panniculitis had α 1 AT deficiency [31] , and it has also been suggested that this enzyme deficiency predisposes people to develop sterile panniculitis in response to trauma and other stimuli [7, 23] . A study of nine dogs, however, failed to reveal a correlation between sterile panniculitis and serum α 1 AT deficiency [12] , whereas a recent case study reported α 1 AT deficiency associated with sterile panniculitis in a Cavalier King Charles Spaniel dog [18] . α 1 AT is known to be highly polymorphic in many species [8, 21] . In humans, over 90 mutant alleles of the α 1 AT gene have genetically been identified so far, some of which can result in sterile panniculitis despite normal serum α 1 AT levels [4, 10] . The most frequent mutations found at DNA level for Pi S and Pi Z alleles are 264 Glu →Val and 342 Glu→Lys, respectively. Both mutations result in the substitution of conserved glutamic acid, which in each case form important ionic bonds that stabilize the tertiary structure of the molecule [15] . Polymorphism in domestic dogs and other species of the Canis genus has been found at protein level and consists of two alleles designated as Pi M and Pi S [8, 13] . The mutation at DNA level, however, has yet to be demonstrated up to this day.
The first purpose of this study is to retrospectively investigate the signalment, clinical signs, and clinical outcome to explore potential etiologic factors that can contribute toward developing canine sterile panniculitis. The second objective is to identify polymorphism of the canine α 1 AT gene to consider whether a certain polymorphism is associated with the underlying mechanism of sterile panniculitis in dogs.
MATERIALS AND METHODS
Sterile panniculitis in 43 dogs: Signalment, clinical signs, Therapy, and outcome: This study was designed in a retrospective manner to evaluate dogs in which sterile panniculitis was diagnosed or strongly suspected. Case material was obtained from clinical and pathology files at Tokyo University of Agriculture and Technology, The University of Tokyo, and three veterinary clinics in Japan from 2001 to 2006. Cases that met either of the following conditions were included: 1) Histological findings of granuloma/pyogranuloma replacing adipose tissue of the panniculus without infectious organisms by periodic acid-Schiff stain and negative bacterial cultures. 2) Characteristic cutaneous gross, cytological findings of numerous neutrophils and foamy macrophages (lipophages) without microorganisms, negative bacterial cultures, lack of response to appropriate antibiotic therapy, and good therapeutic response to glucocorticoids.
Forty-three cases were identified: thirty-three from Tokyo University of Agriculture and Technology, seven from The University of Tokyo, and three from veterinarians in private practice. Clinical data were primarily collected from medical records, and additional information was obtained from the referring veterinarians and/or owners in the form of a questionnaire by mail or phone. The data included signalment (age at onset, breed, gender), operation history, disease duration, physical examination findings on presentation, diagnostic testing results (e.g., aerobic bacterial cultures, histopathology, hemograms, antinuclear antibody test, and abdominal radiographs, when available), treatment, and outcome of therapy. Summary of the patients' signalment was compared with that of the general canine hospital population over a three-year period from 2001 to 2003 in Tama district, Tokyo [32] . Association of signalment with panniculitis was analyzed with the chisquared or Fisher's exact test using StatView 5.0 software α 1 (SAS Institute Inc., Cary, NC). Values of P<0.05 were considered statistically significant.
Molecular cloning and nucleotide sequence of canine a 1 AT cDNA: Total RNA was extracted using the RNeasy‚ Plus Mini Kit (QIAGEN GmbH, Hilden, Germany) from peripheral blood mononuclear cells isolated from a healthy beagle dog. First strand complementary DNA (cDNA) was synthesized from total RNA using SuperScript TM III (Invitrogen, Carlsbad, CA). PCR was then carried out using cDNA as a template in a 25-µl reaction mixture containing 2.5 µl of synthesized cDNA, 800 nM of forward and reverse primers, 200 µM of dNTPs, 1.25 U of Blend Taq (Toyobo, Osaka, Japan), and 2.5 µl of 10 × Buffer for Blend Taq.
These primers were designed to amplify DNA fragments encompassing the entire coding region of canine α 1 AT gene ( Table 1 ). The nucleotide sequence of canine α 1 AT gene was inferred from the human α 1 AT gene (Genbank/DDBJ/ EMBL Accession no. K02212) using BLAST Search of dog genome database (http://www.ncbi.nlm.nih.gov/Genomes). Predicted canine α 1 AT gene locates on Canis familiaris chromosome 8 (GenBank/DDBJ/EMBL Accession no. NC_006590). The reaction was run at 94°C for 2 min (denaturation), at 59°C for 1 min (primer annealing), and at 72°C for 1 min (extension) in the first cycle, followed by 30 cycles with a denaturation time of 1 min. The PCR products were ligated into pGEM ® -T Easy Vector (Promega, Madison, WI), which was subsequently transfected into JM109 High Efficacy Competent Cells (Promega). The nucleotide sequence was determined at Hokkaido System Science Co., Ltd (Hokkaido, Japan).
DNA samples and sequencing for canine α 1 AT gene polymorphism: DNA samples were obtained from 83 clientowned dogs, including Miniature dachshunds (41), Labrador retrievers (10), Shiba inu (10), Shih Tzu (10), Shetland sheepdogs (10) , and Pembroke Welsh corgis (2) . Eight of these dogs (five dachshunds, two corgis, and one Shetland sheepdog) were diagnosed as sterile panniculitis. Genomic DNA was extracted from venous blood using the PAXgene Blood DNA Kit (QIAGEN) or QIAamp DNA Blood Mini Kit (QIAGEN) depending on the amount of blood sample. Polymerase chain reaction (PCR) primers were designed in the intronic regions surrounding each of the four predicted exons of α 1 AT ( Table 1 ). Four exons were amplified from seven dachshunds each, four of which had panniculitis and the rest had other diseases (i.e. polyarthritis [1] , intervertebral disc disease [1] , and hernia inguinalis [1] ). The PCR reaction mixture contained 2.5 µl of extracted genomic DNA, 800 nM of forward and reverse primers, 200 µM of dNTPs, 1.25 U Blend Taq, and 2.5 µl of 10 × Buffer for Blend Taq (Toyobo) in a total volume of 25 µl. The reactions were run under the following conditions: denaturation at 94°C for 2 min, primer annealing at 59°C for 1 min, and extension at 72°C for 1 min in the first cycle, followed by 30 cycles with a denaturation time of 1 min. PCR products were purified with the QIA Quick PCR Purification Kit (QIAGEN) and sequenced directly using a commercial service (Hokkaido System Science Co., Ltd.). The nucleotide sequences were compared with those of the database obtained from a boxer (GenBank/DDBJ/EMBL Accession no. NC_006590). Each variation was named following the suggestions of the Human Genome Variation Society (den Dunnen & Antonarakis 2001).
Genotyping of canine α 1 AT gene polymorphism:
To identify the 12-bp deletion polymorphism, new diagnostic primers were designed within exon I encompassing the deletion. Predicted fragment lengths were 55 bp for the longer allele (+12bp) and 43 bp for the shorter allele (∆12bp). Real-time PCR was performed with an Applied Biosystems 7300 Real Time PCR System (Applied Biosystems, Foster City, CA) in 50 ml of total volume containing 3 ml of DNA, 25 µl of 2 × SYBR Green PCR Master Mix (Applied Biosystems), and 20 nM of each primer ( Table 1 ). The PCR reactions were performed under the following conditions: initial denaturation at 94°C for 2 min, 30 cycles consisting of denaturation at 94°C for 1 min, annealing at 60°C for 1 min, and extension at 72°C for 1 min. After the amplification cycle, fluorescence data on the dissociation curve was collected to analyze the length of the DNA fragment. Another diagnostic primer pair (Table 1 ) was designed to identify the nonsynonymous single nucleotide polymorphism (SNP) in exon I. Since the SNP neither created nor abolished a known restriction enzyme recognition site, discrimination of the SNP was carried out by designing a miss-primer pair to create a new KpnI recognition site. After the purification process, PCR products were digested with KpnI (Fermentas International Inc., Ontario, Canada) and electrophoresed in 4% agarose gels/10,000 × SYBR Green Gel Stain (Invitrogen) in 0.5 × Tris-Borate EDTA. Diagnostic fragment sizes are 119 bp (c.483A) or 94 bp (c.483C) when visualized with UV-transluminator. Comparison of the allele frequencies among breeds was made by the Fisher's exact test using StatView 5.0 software (SAS Institute Inc.). Values of P<0.05 were considered statistically significant.
RESULTS

Signalment and clinical history:
Signalment and brief clinical histories of 43 cases are summarized in Table 2 . Breeds included Miniature dachshunds (n=22), Pembroke Welsh corgis (n=3), Bichon Frises (n=2), Chihuahuas (n=2), Shetland sheepdogs (n=2), Shiba inu (n=2), Shih Tzu (n=2), mixed breeds (n=2), Australian terrier, Irish setter, Italian greyhound, Miniature pincher, Papillon, and West Highland white terrier (one each). Although multiple breeds were presented, Miniature dachshunds (51.2% of cases) had an increased risk to develop sterile panniculitis, accounting for only 10.3% (P<0.0001) of the general canine hospital population [32] . Twenty-seven out of 43 (62.8%) were males, 21 (48.8%) of which were castrated; sixteen of 43 (37.2%) were females, 13 (30.2%) of which were spayed. Neutered dogs were over-represented compared to the general canine hospital population, where they accounted for only 10.4% (P<0.0001) [32] . The age at onset of disease ranged from 0.3 to 13 years (median, 3.5 years), with an obvious peak between 3 and 5 years of age. Duration of skin lesions prior to presentation ranged from two weeks to six years. Thirtysix dogs (83%) had undergone an operation before onset of the disease, including orchiectomy (n=20), ovariohysterectomy (n=13), lumpectomy (n=1), umbilical herniotomy (n=1) and inguinal herniotomy (n=1). Among the 36 dogs, seven had postoperative wound healing impaired, 2 of which developed systemic lesions within a week after surgery. The other 5 dogs took 2 months to 9 years to develop systemic and mutifocal lesions. Twenty-nine dogs experienced normal healing, with skin lesions developed either adjacent to their surgical sites (n=11), 0.5 to 2.5 years after surgery or at irrelevant sites (n=18). Two of the 18 dogs manifested nodules at the site of previous subcutaneously administered vaccine (2) and/or antibiotics (1) . Information on surgical sutures that remained in the body was available in 10 of 18 dogs with their lesions adjacent to operation sites: surgical silk (8) and absorbable textile (2) . There were also two dogs with foreign bodies that appeared to be residual sutures at the center of their granuloma upon histopathological examination.
Clinical findings and laboratory data: Clinical findings and laboratory data are briefly summarized in Table 2 . Five dogs (11.6%) had solitary lesions which occurred in the groin (2), rump (1), thigh (1), and ventral abdomen (1) . The remaining 38 (88.4%) had multiple lesions over the trunk (12) , groin (12) , rump (8), ventral abdomen (8), thigh (8), shoulder (7) , dorsolateral neck (5), ventrolateral chest (5), flank (5), periocular region (3), legs (2), vertex of the head (2), and axillae (2) (with overlaps). Lesions were subcutaneous and mostly firm to fluctuant in consistency. Twentythree (53.5%) had ulcerated and exudative lesions with fistula formation, and 20 (46.5%) felt a sense of discomfort including pruritus and/or oppressive pain in the lesions. Regional lymph nodes were swelling on palpation in 7 dogs (16.3%). Pyrexia (n=28), anorexia and lethargy (n=17), and arthralgias (n=4) were observed in dogs with mutifocal lesions. One dog with pancreatitis had severe systemic signs including vomiting, diarrhea, and abdominal pain. The most consistent change in the laboratory data was leukocytosis (25 of 39). An antinuclear antibody test was positive in 2 of 12 cases tested. Elevation of CRP level (5 of 10) and hepatosplenomegaly (1 of 11) were also noted. Treatment and clinical follow-up/outcome: Treatment and outcome of 43 cases are briefly summarized in Table 2 . Five dogs with solitary lesions and nine with multiple lesions underwent surgical excision in parallel with biopsy sampling, while only one dog with a solitary lesion (Case No. 30) did not relapse after the excision (1-year follow-up). The other 13 had recurring lesions at the excision sites and/ or other sites several weeks to two years after surgical treatment. One dog with a solitary lesion (Case No. 43) received oral antibiotics and topical cleansing of the lesion after excision, because the owner refused immunosuppressive therapy. Forty-one dogs, including the 12 with relapsed lesions after surgery, were treated with oral immunosuppressive drugs. Among the 41 dogs, 40 were medicated with oral prednisolone (1 to 3.5 mg/kg/day), in combination with or without azathioprine (0.25 to 2 mg/kg/day), cyclosporin A (5 mg/kg/day), or dapsone (2 mg/kg/day). One dog (Case No. 17) was treated with cyclosporin A (8 mg/kg/day) and dapsone (2 mg/kg/day). Information on the clinical response to initial treatment was available in all dogs except one, which had died of concurrent pancreatitis (Case No. 38). Thirty-nine of the 40 dogs showed a good to excellent response, whereas one dog (Case No. 39) showed poor response to the treatment. Follow-up information for an extended period was available in 32 dogs, 9 of which had no recurrence for 2 months to three years after the drug withdrawal, 21 required prolonged immunosuppressive therapy to prevent recurrence, one was dead of cardiac failure during immunosuppressive therapy (Case No. 29), and the last one was euthanized due to repeated recurrences (Case No. 36).
Nucleotide sequence of canine α 1 AT cDNA: Canine α 1 AT cDNA was amplified by reverse transcriptase-PCR using RNA extracted from a beagle dog as a template. Nucleotide sequence analysis revealed that the resultant cDNA sequence was 1,248 bp long and presumptively contained the entire open reading frame of canine α 1 AT, encoding 415 amino acid residues (GenBank/DDBJ/EMBL Accession no. AB287507). The homology of α 1 AT cDNA and deduced amino acid sequence between the dog and other species is shown in Table 3 . Canine α 1 AT cDNA shared 78.5%, 73.9%, and 71.1% homology, and predicted amino acid sequence 73.7%, 64.5%, and 62.5% homology, with those of human, rat, and mouse α 1 AT, respectively (GenBank/ DDBJ/ EMBL Accession no. M11465; D00675; M75721).
Identification of canine α 1 AT gene polymorphism:
The canine α 1 AT gene consists of 4 exons based upon comparison with the reported genome sequence. Nucleotide sequence analyses of 4 exons in seven dachshunds revealed eight differences from the reported nucleotide sequence of a boxer (Fig. 1) . The polymorphisms identified in the present study are summarized in Table 4 . The first difference was a 12-bp deletion (c.109_120del12), at position +109-120 (nucleotides are numbered using the adenine of the initiation codon as +1). Translation of the shorter allele predicts deletion of four amino acids, Ala-Pro-His-His, compared with the longer allele. Seven other changes were all SNPs. C-to-T transversion at nucleotide 141 (c.141C>T), c.282G>A, c.451A>G, and c.1074A>G were synonymous, while c.483A>C, c.977G>A, and c.979G>A were non-synonymous, predicting a substitution at codon 161 of a lysine for an asparagine (p.Lys161Asn), p.Ser326Asn, p.Val327Ile, respectively.
Frequency of α 1 AT gene polymorphism in Miniature dachshunds and other breeds: Frequencies of two relevant po lym orp hi sm s ide nt ifie d in se ve n d ac hsh un ds (c.109_120del12 and c.483A>C) were investigated in 83 dogs of 5 popular breeds in Japan, including 41 Miniature dachshunds, 10 Labrador retrievers, 10 Shiba inu, 10 Shih Tzu, and 10 Shetland sheepdogs, as well as 2 Pembroke Welsh corgis with panniculitis ( Table 5 ). In identifying 12bp deletion polymorphism (c.109_120del12), dissociation curves were obtained from real-time PCR reactions. The fragment of the longer allele (+12bp) dissociated at 80°C, while that of the shorter allele (∆12bp) did the same at 77°C. Frequency of c.109_120del12 allele accounted for 0.62 as a whole and was significantly higher in Labrador retrievers (P<0.0001) and lower in Shiba inu (P=0.0029) and Shih Tzu (P=0.0159). As for SNP, c.483A>C, restriction fragment length polymorphism method was exploited, producing undigested fragments with a size of 119 bp (c.483A) and digested fragments of 94 bp (c.483C). Total allele frequency for c.483A>C was 0.71 and higher in Labrador retrievers (P<0.0001) and Pembroke Welsh corgis (P<0.0001), and lower in Shetland sheepdogs (P=0.0191). Allele frequencies of the two relevant polymorphisms were also analyzed in eight dogs with sterile panniculitis and shown to be 0.75 for c.109_120del12 allele and 0.875 for c.483A>C allele. Neither polymorphism was significantly different from the total allele frequency (P=0.2944 and P=0.1561, respectively).
DISCUSSION
In this study, signalment, clinical signs, therapy, and outcome of sterile panniculitis were retrospectively reviewed in 43 dogs to assess the current aspects of the disease in Japan and predisposing factors. While various breeds were affected, Miniature dachshunds (51.2% of cases; P<0.0001) appear to be predisposed, which gives close agreement with previous studies [2, 3, 11, 19, 24] . Increasing popularity of Miniature dachshunds may contribute to the high morbidity for sterile panniculitis in veterinary practice in Japan. Nevertheless, the breed is significantly at high risk for sterile panniculitis in light of their general hospital population of 10.3%. Interestingly, neutered dogs (P<0.0001) and those of ages between 3 to 5 years were over-represented in this Table 2 , while Cases A, B, and C had other diseases (i.e., polyarthritis, intervertebral disc disease, and hernia inguinalis, respectively). b) Nucleotides are numbered using the A of the initiation codon as +1, including the 12 bp at position +109-120. study, though Scott et al. previously reported that there was no gender or age predilection [28] . Histories of previous surgery, including orchiectomy and ovariohysterectomy, and injection were associated with development of sterile panniculitis in 20 cases (46.5%); 7 had postoperative wound healing impaired followed by systemic lesions during a lifetime, and 13 had lesions adjacent to surgical or injection sites. In addition, there was no apparent predilection for types of surgical sutures or injected medications in the present study. To the best of the author's knowledge, there have been no studies that demonstrate the correlation between the physical invasion in a surgical procedure, and development of sterile panniculitis. On the other hand, there are a number of studies on surgical sutures and inflammation in humans. For example, some studies reported foreign body reactions that occurred following neurosurgery, oral surgery, and herniotomy with several surgical sutures [14, 16, 20, 26] , and other studies reported a more intense and prolonged tissue reaction to silk in the subcutis of rabbits and dogs among various suture materials [29, 36] . In the interim, it is still of interest in the present study that lesions manifested systemically in most of the dogs, not only at the surgical or injection sites, over a period ranging from a week to nine years. Altogether, it is speculated that physical invasion in a surgical process and/or the local inflammatory reactions caused by foreign materials (i.e., residual sutures and injected substances) may have set off the systemic development of this disease. Only 11.6% of the dogs had solitary lesions with 88.4% mutifocal lesions. Although some studies depicts canine sterile panniculitis as a disorder with multiple skin lesions [1, 2, 30, 33] , Scott and Anderson reported that dogs with solitary lesions predominated by 80.7% [27] . It is likely that multifocal panniculitis was more common in the present cases since the majority come from referral institutions. The most commonly affected sites were the trunk, groin, ventral abdomen, and proximal extremities. Unprecedented obser-vation of the lesions on the groin may be due to the surgical invasion or sutures in light of their preceding operation histories.
The high incidence of signs of systemic illnesses, including pyrexia (65.1%), anorexia and lethargy (39.5%), may reflect the high proportion of multifocal lesions in this study. In addition, arthralgias were noted in 9.3% of the dogs. Concurrent polyarthritis, rheumatoid arthritis, or lameness was reported both in human and canine sterile panniculitis [9, 12, 18, 25] . The underlying mechanism is unknown, but all these together suggest a systemic immunemediated process in the pathogenesis of sterile panniculitis.
Only one of the five dogs (20%) with solitary lesions surgically excised was in remission for one year, though Scott and Anderson reported that surgical excision of solitary lesions was usually curative in 97.6% of the 42 cases in remission [27] . It is also noteworthy that one dog with a solitary lesion had a mutifocal relapse two years after surgical excision. Allowing for the fact that over 95% of the cases were successfully treated with immunosuppressive drugs in this study, sterile panniculitis may potentially be a systemic disease and should be treated with systemic immunosuppressive agents, regardless of the number of lesions. Catamnestic observation revealed that nine of 32 dogs (28.1%) went into remission, while 21 dogs (65.6%) required prolonged immunosuppressive therapy in order to prevent relapse. This is in total disagreement with the previous study in which the remission rate for mutifocal panniculitis was as high as 80% of 30 cases [27] . Examining the signalment and clinical signs did not reveal any prognostic significance.
Canine sterile panniculitis observed in this study differed from previous cases reported by Scott et al. [27] in terms of gender, age, distribution of lesions, and outcome from therapy. The present cases were diagnosed on the basis of cytological examination as well as histopathological examination; nevertheless, histopathological examination was performed in 39 cases, and it is unlikely that this discrepancy between the two populations reflects the different inclusion criteria. The fact that sterile panniculitis is diagnosed most commonly in dachshunds, as in previous reports and in the first part of this study, may suggest genetic factors play a role in development of canine sterile panniculitis. According to Smith et al., 16% of human patients with sterile panniculitis had α 1 AT deficiency [31] , and several mutational phenotypes can result in sterile panniculitis despite a normal serum concentration [4, 10] . In fact, there are over 90 genetically recognizable alleles in human, some of which include SNP, deletional, or insertional mutations resulting in enzyme deficiency or altered enzyme function [4, 6, 10, 17] . In the veterinary field, Hughes et al. investigated the serum α 1 AT concentration in nine dogs with sterile panniculitis, but could not demonstrate the deficient concentration [12] . Another study in Canis species revealed two protein polymorphisms designated as Pi M and Pi S , whose patterns were quite similar to those of humans [8, 13] . In the present study, eight DNA polymorphisms of canine α 1 AT gene were detected from 4 coding exons and assessed as a candidate gene for developing sterile panniculitis. One of the eight polymorphisms was a 12-bp deletion at position +109-120, three were SNPs (c.483A>C, c.977G>A and c.979G>A), leading to single amino acid substitutions. The remaining four (c.141C>T, c.282G>A, c.451A>G and c.1074A>G) were silent substitutions. Two non-synonymous substitutions, c.977G>A and c.979G>A, appeared simultaneously in two of the seven dachshunds, whereas c.109_120del12 and c.483A>C appeared more frequently in five and six of the seven dogs, respectively. Considering the fact that α 1 AT is highly polymorphic in many species, it is reasonable to assume there are many more polymorphisms other than those discovered in this study. It is also speculated that a 12-bp deletion or other non-synonymous SNPs identified here may correspond to the two phenotypes (i.e., Pi M and Pi S ) reported by Kueppers et al. [13] in light of their frequencies. The precise correspondence, however, is yet to be demonstrated, since the present study did not determine phenotypes at protein level.
The two polymorphisms (c.109_120del12 and c.483A>C), identified at high incidence in dachshunds with panniculitis, were selected for genotyping in order to clarify the association between α 1 AT gene polymorphism and the disease. The allele frequencies in 83 dogs were 0.62 for c.109_120del12 and 0.71 for c.483A>C, whereas those in Miniature dachshunds were 0.67 for c.109_120del12 and 0.70 for c.483A>C. Neither polymorphism was significantly frequent in Miniature dachshunds as well as in eight dogs with sterile panniculitis in comparison with the total frequency, suggesting that neither c.109_120del12 nor c.483A>C is responsible for developing sterile panniculitis.
In conclusion, the picture of canine sterile panniculitis observed in this study was different from the previous studies in some regards. Meanwhile, eight DNA polymorphisms were identified in the canine α 1 AT gene.
Polymorphisms in canine α 1 AT gene coding region did not seem responsible for developing sterile panniculitis.
